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ABSTRACT 


Health requirements have been developed as long-range goals for 
future advanced coal extraction systems which would be introduced into 
the market in the year 2000. This document summarises those 
requirements and presents the analyses and data supporting them. 

The goal of the requirements is that underground coal miners work 
in an environment that is as close as possible to the working 
conditions of the general population, that they do not exceed 
mortality and morbidity rates resulting from lung diseases that are 
comparable to those of the general population, and that their working 
conditions comply as closely as possible to those of other industries 
as specified by OSHA regulations. 

The primary health requirements for advanced coal ^traction 
systems are that coal dust be reduced to less than 2 rag/ra^ to reduce 
the incidence of chronic lung diseases in miners, and that carcinogens 
and mutagens be reduced to levels typical of the air in large urban 
centers. Secondary requirements are that! (1) relative humidity be 
between 50% and 75% and that temperature be between 65°F and 78°F, 
with no extreme swings in either; (2) noise and lighting levels 
conform to present MSHA standards; (3) working space accommodate most 
body configurations, and (4) vibration damping equipment be provided. 

A brief technique for evaluating whether proposed advanced 
systems meet these safety requirements is presented, as well as a 
discussion of the costs of respiratory disability compensation. 
Appendices describe the effects of coal dust ingestion, suggest a 
recommended technique for detecting potential carcinogens, and present 
tables of accepted working space standards. 
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FOREWORD 


This document is one of a series which describe systems level 
requirements for advanced underground coal mining equipment. These 
requirements are summarized in "Overall Requirements for an Advanced 
Underground Coal Extraction System," JPL Publication 80-39 by Martin 
Goldsmith and Milton L. Lavin. Five areas of performance are 
discussed: 


(1) 

Production cost. 


(2) 

Miner safety. 


(3) 

Miner health. 


(4) 

Environmental impact. 


(5) 

Recovery efficiency. 


The report which follows presents details of 
formulate the health requirements. 

the analysis used to 

This 

work is part of an effort to define 

and develop innovative 


coal extraction systems suitable for the significant resources 
remaining in the year 2000. Sponsorship is provided by the Office of 
Mining, United States Department of Energy via an interagency 
agreement with the National Aeronautics and Space Administration. 
William B. Schmidt, Director of the Office of Mining, is the project 
officer. 
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SECTION I 


HEALTH REQUIREMENTS 


A. INTRODUCTION 

The coal mining industry has been considered inherently 
unhealthful because of the difficulty of controlling exposure to a 
wide variety of environmental conditions. Furthermore, these 
conditions affect many of the major physiological subsystems: the 

respiratory, cardiovascular, hormonal, and sensory. The key factors 
contributing to the degradation of these systems are dust (e.g., coal, 
quarts), humidity and temperature extremes, methane gas, diesel 
emissions, poor lighting, noise, and vibration. In addition to these 
factors, the psychological problems resulting from working in small, 
closed, unlighted spaces also aggravate the health problem. 

Therefore, any advanced coal extraction system should provide a 
substantial improvement in health conditions, either through 
improvement of the mine environment or isolation of miners from the 
environment . 


B. FIGURE OF MERIT 

The basic philosophy behind the development of the health 
requirements was to establish, if possible, figures of merit against 
which to compare the projected performance of new systems. During the 
study it became apparent that no such figure of merit was available. 
Whereas in the case of safety one might select an average yearly 
injury rate based on other similar industries as a figure of merit, 
health cannot be viewed in the same manner because the effects of 
unhealthful working conditions must be measured over a period much 
greater than one year. For example, pneumoconiosis, a respiratory 
disease typically related to the coal mining industry, usually takes 
twenty years before its physical effects become apparent. Therefore, 
the figure of merit for health must measure the differences between 
coal miners and workers in other industries, recognizing that these 
differences might not materialize for the greater part of a lifetime. 
The first measure that seemed to fit this criterion was "mortality". 
However, when the mortality rates for coal workers and the average 
male population were examined, the mortality rates were not 
significantly different. Figure 1-1 illustrates that the life 
expectancy of coal miners is only 3% less than the general male 
population. This is not a significant enough difference to make any 
firm comparative statements about coal miner mortality rates and those 
of the general male population. In addition to this, the data 
presented in Figure 1-1 do not provide the best comparison of 
mortality because all classes of laborers are included in the general 
population. A more accurate comparison would have been two similar 
populations (e.g., coal miner mortalities from West Virginia compared 
to construction laborer mortalities from the same geographical area). 
However, epidemiological studies relating to groups as specific as 
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these generally do not exist. Because miner mortalities are not 
significantly different from those of the general population, it was 
decided not to use mortality as a figure of merit. One useful result 
the mortality study did provide, however, was that coal miners 
deviated significantly from the general male population in the 
incidence of respiratory disease. Table 1-1 indicates that a 
significantly larger number of coal miners will die from respiratory 
diseases, compared to the general male population. Pneumoconiosis is 
caused by coal dust which results from the cutting process. Very 
small particles inhaled into the lungs become trapped in the lung 
alveolar tissues, and, if inhaled in a large enough quantity, 
eventually cause a reduction in air transfer into the blood. Other 
diseases such as emphysema, bronchospasm, or pneumonia are aggravated 
by both small and large dust particles generated during the cutting 
process, as well as the cold and damp environments typical of many 
underground mines. Thus, the mine environment is the prime reason why 
miners suffer respiratory ailments to a larger degree than the rest of 
the male population. 

One interesting aspect of most of the respiratory diseases shown 
in Table 1-1 is that they are chronic, or long term, in nature. 
Although a miner may not necessarily die sooner than the average 
person, he may be disabled for a long period of time. This led to the 
consideration of "morbidity" as a figure of merit. This presented a 
problem because it was difficult to obtain detailed information on 
respiratory disability in the coal mining industry compared to other 
similar industries such as metal and non-metal mining. Though some 
disability information was obtained for a small number of industries, 
it was difficult to evaluate a new design and quantitatively determine 
to what degree respiratory disability might be reduced. Variation in 
an individual's susceptibility to disease, and varying lengths of 
exposure to harmful elements in the environment contribute to the 
uncertainty with which one can project reductions in disability. 
Therefore, morbidity also appeared unusable as a figure of merit. 
Though morbidity measured in terms of "active years lost", for 
example, was not practical for evaluating new systems, the idea of 
reducing "disability" still appeared to be a valid goal. It was 
therefore decided to identify the major causes of disability, and 
evaluate new systems based on their ability to reduce or remove these 
causes, rather than evaluate them against a figure of merit. 


C. HEALTH REQUIREMENTS SUMMARY 

The major causes of disability that occur in the underground coal 
mine environment are: 1) coal and other mineral dust, 2) carcinogens 

and mutagens such as aromatic hydrocarbons (found in trace form within 
the coal seam), 3) temperature and humidity extremes, 4) poor 
lighting, 3) noise and 6) vibration. Psychological stress induced 
by working in the mine environment was not considered as a cause of 
disability but as an important element that could contribute to poor 
heal th . 
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Table 1-1. Observed Coal Miner Deaths, Expected Total 

U.S. Male Deaths, and Standardised Mortality 
Ratios (SMR) for Selected Diseases 

(Data from a sample of 22,998 coal miners 
in Rockette, H., Mortality Among Coal Miners 
Covered by the UMWA Health Retirement Funds , 

March 1977. The 1965 U.S. male population was 
used to compute the expected number of deaths.) 


CAUSE OF DEATH 

OBSERVED COAL 
MINER DEATHS 

EXPECTED 

DEATHS* 

SMR** 

Major Cardiovascular Diseases 

4285 

4525.9 

94.7 

All Malignant Neoplasms 

1223 

1248.2 

98.0 

Diabetes 

64 

110.2 

58.1 

Non-malignant Respiratory 
Disease (includes diseases 
below plus others) 

741 

471.6 

157.1 

Influenza 

28 

8 

340.6 

Primary Atypical Pneumonia 

23 

12.8 

179.7 

Chronic Interstitial 
Pneumonia 

58 

16.4 

353.7 

Bronchiectasis 

11 

9 

122.1 

Emphysema 

170 

134.6 

126.3 

Pneumoconiosis 

187 

20.2 (est.) 

925.7 

Asthma 

32 

18.3 

174.9 


*In the same number (22,998) of U.S. males 

**The Standardized Mortality Ratio (SMR) is determined by dividing the 
observed deaths by the expected deaths, and multiplying by 100. An SMR 
100 implies no distinguishable difference between coal miners and the 
general population. 
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Table 1-2. Summary of Advanced Coal Extraction 
System Health Requirements 


Health 


Characteriatica 

Goal 

Requirement 

PRIMARY REQUIREMENTS 



Duat 

Reduce ainer mortality 
and aorbidity reaulting 
from lung diaeaae to 
that of U.S. aale 
population 

No greater than 

2 ag/m^ 

Carcinogena and 
Mutagena 

Reduce ainer mortality 
and aorbidity reaulting 
from lung diaeaaea to 
that of U.S. aale 
population 

Concentrations 
no greater than 
that in air of 
large urban 
areas 

SECONDARY REQUIREMENTS 



Temperature 

Permit miners to work 
in environment satisfying 
OSHA and MSHA standards 
for other industries 

Between 65°P 
and 78°F with 
no extreme 
swings 

Humidity 

Same as above 

Between 50 % and 
75 % with no 
extreme swing 

Noiae 

Same as above 

Meet MSHA 
standards 

Lighting 

Same as above 

Meet MSHA 
standards 

Working Space 

Same as above 

Accommodate most 
body configura- 
tions as shown 
in Appendix C 

Vibration 

Same as above 

Provide vibra- 
tion damping 
for machinery 
operators 



Respiratory disease is the major cause of serious miner 
disability and death. Dust and carcinogens contribute largely to 
this, and requirements aimed at reducing these causes were therefore 
termed "primary". The temperature and humidity extremes, confining 
mining environment , poor lighting, noise and vibration also contribute 
to miner disability but are generally not as serious as dust or 
carcinogens. Requirements developed for these causes of disability 
were termed "secondary". Table 1-2 summarises the health requirements 
for advanced coal mining systems. 


D. JUSTIFICATION OF PRIMARY HEALTH REQUIREMENTS 
1. Dust 

Dust and carcinogenic agents are generally harmful to the 
respiratory and pulmonary systems, but ingestion of different dust 
particle sizes and carcinogenic or mutagenic compounds results in 
different physiological reactions. Futhermore, different individuals 
vary in their reactions to these elements. The following discussion 
demonstrates how these variables were considered in the development of 
the primary requirements. 

The onset and development of coal worker's pneumoconiosis (CUP) 
and progressive massive fibrosis (PMF) is dependent on the presence of 
coal dust of less than 5 microns diameter in the mine atmosphere (16, 
22, 24, 27). The combination of dust and other mutagenic compounds 
released in the mining environment (such as aromatic hydrocarbons) can 
act as a catalyst toward the development of CUP, PMF, or other lesions 
(6). Cigarette smoking is also kne an to contribute to this reaction 
(14). Although coal workers with CUP frequently do not show a 
significantly altered ventilatory capacity, they do exhibit a marked 
decrease in oxygen transfer (11). A failure of the pulmonary system 
to transfer oxygen at at least 1250 cc/mi.t prevents an individual from 
being gainfully employed where demands for continuous moderate 
physical activity are present (11). Chronic bronchitis has also been 
shown to be excessive in coal miners and dependent on the 
concentration of coal dust of greater than 5 micron particle size in 
the raining atmosphere (28). Therefore, a reduction in coal dust 
concentration should diminish the incidence of CUP, PMF, and diseases 
like bronchitis and ■hereby lessen excess coal worker morbidity in 
comparison to the rest of the working population. A more complete 
discussion of all of these variables is given in Appendix A. 

The actual susceptibility of miners to CUP or PMF varies widely 
according to the exposure time and the individual's threshold. 

However, discussions with health experts in the Department of Labor 
(DOL), United Mine Workers (UMW), and Mining Safety and Health 
Administration (MSHA) seem to indicate agreement over the benefit of 
exposing workers to no more than 2 mg/ra^ of dust and its relation to 
reducing the incidence of respiratory disability. This general 
agreement appears to stem from research done by the British Institute 
of Occupational Medicine. This research suggests that a 2 mg/m3 dust 
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standard would reduce the incidence of respiratory disability from the 
historical 10 to 20% , to only 3% of the total working miner population 
(13). That dust level is now a regulatory requireaent for U.S. 
underground coal aines. 


2. Carcinogens and Mutagens 

Establishment of requiresrants relating to carcinogenic, 
mutagenic, and toxigenic compound threshold levels is extreaely 
difficult due to the wide variation in susceptibility of workers to 
pulmonary disorders or cancer (5, 14). Furthermore, advanced systems 
may introduce compounds into the mining environment that are 
carcinogenic or mutagenic , but different from the list of known 
compounds. In evaluating new systeas, it is therefore more practical 
to identify these compounds on a more generic level. 

Stuermer and Hatch of the Lawrence Livermore Laboratories (33), 
and the Department of Labor (6) suggest that there are four generic 
groups of carcinogenic and mutagenic elements harmful to the pulmonary 
system which can be released into the mining environment. These are: 

a Nitrogen aromatics (a hydrocarbon with 
an ammonia complex present). 

a Aromatic hydrocarbons. 

a Oxygenated hydrocarbons. 

a Metals (such as nickel or beryllium trapped 

within, or in sediment adjacent to, the coal seaa). 

These compounds and minerals are produced during the process through 
which coal is formed (e.g., ammonia produced by decaying organic 
matter, or the deposition of minerals in basins containing organic 
matter which is eventually transformed into coal (26)). In either gas 
or dust form, these substances can be released into the environment 
through the mechanisms of heat, pressure, or the use of solvents. 
Because an advanced system could employ any one, or a combination, of 
these mechanisms to cut or haul coal, these carcinogens and mutagens 
could be produced. Because of the varying susceptibility of 
individuals to associated diseases it is not practical to establish 
threshold levels (5, 14). Therefore, workers using an advanced mining 
system should not be exposed to these substances in concentrations 
greater than the general population's exposure during normal 
activities. The requirement to protect workers from an environment 
containing high concentrations of these substances implies that an 
advanced system must not allow workers to be exposed to contaminated 
environments, or must provide a mea-i- of monitoring contaminants and 
removing them completely, or must reduce them to acceptable levels. 

One means of detecting these materials is provided in Appendix B. 
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E. JUSTIFICATION OF SECONDARY HEALTH REQUIREMENTS 


Secondary health requirement* relate to those source* of 
disability that are generally not as severe as dust or carcinogen*. 

For example, humidity and temperature extremes in the mining 
environaent contribute to the incidence of influenza, pneumonia or 
bronchospasm. However, these respiratory problems usually arrest 
themselves with proper treatment if the individual is removed fror. the 
environaent. However, the removal of an individual from the mining 
environaent, once he has contracted pneumoconiosis, does not 
necessarily mean that the disiiase is arrested. In a similar manner, 
poor lighting or noise any reduce an individual's visual and hearing 
perceptions, but these are reparable through the use of glnsses or 
hearing aids. Damage to the lungs can never be repaired. Though not 
a major factor in reducing mortality, the secondary requirements 
mitigate those aspects of the mining environment that cause 
physiological and psychological stress. 


1. Temperature and Humidity 

The underground mining environment frequently presents the coal 
miner with a widely varying temperature and humidity atmosphere . It 
is difficult to link either of these two factors to the development of 
specific pul- .ary pathology (10, 12) because other factors such as 
diet, stress, ad lack of rest affect an individual's resistance to 
respiratory infection. Nevertheless, in cases of severe or chronic 
respiratory infection (excluding dust-related disorders) widely 
varying temperature and humidity conditions are usually associated 
(11, 12). It twis been demonstrated that as a result of prolonged 
exposure to very high, very low or widely varying temperature, the 
cells of the bronchi becoms filled with fluid (10) and that in the 
presence of fluid in thw bronchial lining cells, there is an increased 
incidence of viral infections of the bronchial tree, bacterial 
infection of the cells, and decreased cilia clearing action (12). 
Examples of diseases usually associated with these kinds of bronchial 
conditions are pneumonia , influenza, or bronchitis (11, 12). Asthma 
and tuberculosis can also be aggravated by these conditions (11). The 
increased incidence of pneumonia , influenza, bronchitis and asthma 
among underground coal miners (see Table 1-1 and Ref. 30) supports the 
association of these diseases with prolonged exposure to temperature 
extremes present in underground mines (28). 

Underground mining can also present the coal miner with a high 
humidity atmosphere which can increase the likelihood of developing 
bronchospasm in certain susceptible individuals (10, 12). Humidity, 
coupled with the aggravating effects of dust (see Appendix A. 2) can 
account for the development of asthma among underground coal miners 
(30). 


Therefore, to minimize respiratory disorders associated with 
elements in the mining environment other than dust and toxic 
compounds, any new technology should attempt to create an atmosphere 
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for personnel where the relative humidity is between 50% and 75% and 
the temperature is between 65°F and 78°F with no extreme swings in 
these parameters. 


2. Acceptable Noise Levels 

Several investigators have suggested that exposure to high 
cumulative noise levels can result in noise-induced temporary or 
permanent hearing threshold shift (3, 17, 25). Noise levels in 
advanced mining systems should therefore conform to the MSHA standard 
for safe decibel levels (21). 


3. Lighting 

Extensive research on acceptable lighting levels to minimise 
visual errors and eye muscle fatigue has been done by Occupational 
Safety and Health Administration (OSHA), MSHA, and the Joint Army, 
Navy, and Airforce Steering Committee on Human Engineering Guides for 
Equipment Design (3). Acceptable lighting levels for the working area 
and access ways should conform to MSHA standards (Sections 75.1719 to 
75.1719-4(21)). 


4. Working Space 

Studies of operator performance under varying space and vehicle 
control constraints have indicated a direct relationship between 
fatigue, cramped working space, and poor positioning of controls (3). 
Other studies done on the psychological effects of operating in 
cramped space (18) also imply a relationship between irritability, 
fatigue, and space reduction. Therefore, understanding that the 
mining environment cannot practically allow for ideal working space 
conditions, it is recommended that, as a minimum, advanced systems be 
designed to satisfy anthropometric standards established for proper 
human-equipment design. Some of the key standards are shown in 
Appendix C. 


5. Vibration 

Prolonged exposure to vibration from equipment can result in 
"vibration disease" (25). This condition is characterized by: 1) a 

reduction in pain sensation, 2) a decrease in vibration sensation, 3) 
pains in the joints (particularly the hands), 4) hyperactivity, and 5) 
a decrease in libido (25). Because the threshold for the onset of 
these symptoms varies widely by individual, it is difficult to set a 
standard for acceptable machinery vibration levels. Nevertheless, 
advanced systems should be designed to include vibration damping 
equipment . 
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SECTION II 


EVALUATING ADVANCED COAL EXTRACTION SYSTEM HEALTH CHARACTERISTICS 


Proposed advanced coal extraction systems can be evaluated for 
compliance with these health requirements by determining whether their 
health-related operational parameters satisfy the requirements. 
However, since the advanced system is only in the design stage, and 
dust concentrations or toxic gases cannot actually be measured, these 
operational parameters can only be estimated. A simple three-step 
process is proposed for estimating the health-related operational 
characteristics of an advanced coal extraction system: 

(1) An operational analysis of the system is performed, 
including a task-time estimate, to understand the degree of 
exposure to hazards. 

(2) Health-related characteristics are estimated by comparing 
the system to conventional systems, or by assessing the 
characteristics of new designs that cannot be compared to 
conventional systems. 

(3) An expert panel compares these estimates to the requirements 
to determine if the proposed advanced extraction system 
meets the requirements. 

The first step is an operational analysis. The complete system 
must be examined to understand how the coal is cut, the face 
ventilated, the coal hauled, the roof supported, and what the 
operating environment is like. As part of the operational analysis, a 
task-time analysis is also conducted to establish the amount of 
interaction of the workers with the various operational elements. 

Once this information is assembled, the various system components, and 
their respective operational characteristics, are compared to similar 
conventional systems (and their respective health hazards) to estimate 
the health-related characteristics of the new system. In addition to 
this comparative analysis, the new system is examined for new design 
elements that may affect health-related characteristics but which are 
not comparable to conventional systems (e.g., dust containment 
systems, automation). 

Finally, a group of experts in the field of occupational health 
is then consulted on the new design. They are provided the estimates 
of health-related operational parameters such as dust concentration, 
toxic substances generated, humidity, temperature, light, noise, 
working space, and vibration. They are then asked to comment on 
whether the new design can meet the proposed requirements based on the 
results of the analysis and their own experience with equipment. This 
process assists in selecting promising new designs, and does not 
preclude testing of new hardware to determine conformance with the 
requirements . 
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SECTION III 


COST CONSIDERATIONS 


In the course of establishing health requirements for advanced 
coal extraction systems, a study was carried out to determine whether 
the costs of miner disability compensation would provide economic 
incentives to reduce mine-related diseases. It was determined that 
the trend (in constant dollars) is such that, by the time advanced 
extraction systems are operating, disability compensation costs will 
no longer be a major component of production costs. Health 
requirements are nonetheless justified on the basis of the social and 
humanitarian objectives that miners should not be exposed to health 
hazards greater than those faced by the general working population. 

The Black Lung Benefits Fund, administered jointly by the 
Secretaries of Labor, Treasury, and Health and Human Services, 
provides compensation for respiratory disability (7). As of mid-1979, 
the Department of Labor (DOL) reported spending $333 million in 
cumulative monthly benefits and medical expenses (7). Discussions 
with the Black Lung Compensation Division of DOL indicate that a total 
of $1 billion dollars could be spent for compensation by the end of 
1980 or 1981. 

The potential impact of technology on reducing respiratory 
disability costs is sizable. Miners exposed to dust (5 micron size or 
less) over the last several decades have developed CWP at an 
approximate frequency of one out of every five people (13), but recent 
studies suggest that reducing dust levels to the MSHA standard of 2 
mg/m-* could reduce this incidence to approximately one in 30 (15). 
Therefore, advanced technology could have a considerable impact on 
both the incidence of respiratory disease and the cost. 

Determining the total cost of respiratory disability is difficult 
because 1) the incidence of respiratory disease and resultant 
disability varies by age, exposure to dust, and susceptibility of 
individual miners, 2) some variables, such as rehabilitation or 
retraining, do not have dollar values attached to them, and 3) other 
well-defined cost variables are long-term costs. The basic variables 
contributing to the total cost are: 

• Monthly benefits (disability compensation). 

• Medical services, including 

a. radiologic tests. 

b. pulmonary system tests. 

c. medical treatment. 

d. physical exams. 

• Administrative costs, including 

a. staff. 

b. public information. 
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Less defined variables which are equally important, though often not 
considered as compensable, are: 

e Value of leisure. 

e Ripple effect within the family resulting from the 

disability (causing younger members to forfeit higher 
educational and employment goals to help conpensate for lost 
wages ) . 

• Loss of personal market value when the individual attempts 
to find employment outside the mine. 

a Cost of rehabilitation and retraining. 

The present magnitude of health costs on a per ton basis was 
determined by dividing the total approximate 1979 expenditures for 
respiratory disease ($300 million) by the total 1979 underground 
production (218.85 million tons). This resulted in a cost of $1.37 
per ton, of which industry presently pays $.50/ ton (7). 

Several factors will affect future health care costs. Prior to 
1970, miners were exposed to dust levels in excess of the 2 rag/ra^ 
standard. It ias been projected that at least 125,000 miners have CWP 
as a result of prolonged exposure to excessive dust levels (13). In 
mid-1979, Department of Labor was paying compensation to 123,000 of 
those miners (7). The actual figure will probably exceed 125,000 
because miners can now be compensated for other respiratory 
disabilities (7). In the early seventies there was also a large 
retirement of older miners accompanied by a large influx of new miners 
(8). Thus, a peak in the number of miners compensated will probably 
be reached soon. 

In 1970, the 2 mg/m^ dust standard was imposed on industry. 

The projected effect of requiring that dust levels not exceed 2 
mg/m* is that the incidence of CWP will be reduced to 3% (15). MSHA 
dust control surveys indicate that since 1975, about 74% of 
underground sections have been able to comply with the 2 rag/m^ 
standard on a relatively continuous basis (31). Therefore, it appears 
reasonable to assume that the reduction in disease frequency from .2 
to .03 is feasible. 

Since the incubation period for CWP is approximately 20 years 
(13), with the large influx of new miners in the early seventies, one 
would expect the next peak incidence of respiratory disability to 
materialize around the year 2000. But with the apparent trend toward 
compliance with the 2 mg/m-* dust standard, the incidence of 
respiratory disease and resultant cost (in constant dollars) should 
steadily decrease. If the incidence of respiratory disability is 
reduced by a factor of 5 or 6 (from 20% to 3%, as noted in Ref. 15), 
and if the projected productivity increases by 17%, from 10 to 12 tons 
per man shift (9), health costs would be reduced, in constant dollars, 
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from the present $1.37 per ton to $ .23. The industry's present 
contribution could cover this entire amount. It is therefore clear 
that this approximate 1Z cost component (for coal selling at $20-$30 
per ton) does not offer a strong economic driver for advanced systems 
which might improve health conditions still more. 
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APPENDIX A 


EFFECTS OF COAL DUST INHALATION 


1. The Effect of Coal Dust Particles of Less Than 

5 Microns on CWP and PMF 

The cause of coal worker's pneumoconiosis (CWP) and progressive 
missive fibrosis (PMF) is inhaled particles of coal dust smaller than 
5 microns in diameter (16, 22, 24, 27). Other kinds of dust 
particles, within the same size range, can also be inhaled. These are 
mineral particles that are often found within, or adjacent to, the 
coal seam (26). Minerals such as beryllium and zinc can assist in the 
development of CWP, PMF, other non-malignant respiratory diseases, and 
lung cancer (6). Particles larger than 5 microns are cleared at a 
level above the alveoli and, though they can irritate the upper 
bronchial tract, do not contribute to CWP or PMF (10, 12). Although, 
without coal dust, coal worker's pneumoconiosis would not exist, other 
factors are also of importance in the development of this disease. 

The job of the individual is an important consideration. A job 
requiring a high energy expenditure will require a greater air volume, 
thus presenting to the alveoli a greater load of coal dust per unit 
time. There also seems to be an individual variation in the ability 
of the lung to clear these smaller dust particles from the alveoli, 
thus yielding a varying susceptibility of' the individual to the 
development of pneumoconiosis (5, 19). 

A threshold exists for each individual when the alveoli can no 
longer clear the coal dust by the normal mechanism. (The particles 
are engulfed through the normal process of digesting cells and the 
mucus transport system clears these particles from the lung via 
expectoration or swallowing.) When this threshold level is overcome 
by an excessive load of coal dust, the engulfed coal dust particles 
remain in the alveoli. This yields a primary lesion consisting of a 
mixture of coal dust and distorted cells enmeshed in a fine network. 
These coal macules, when present in sufficient quantities in a 
sufficient number of alveoli, yield the well known radiographic 
abnormalities of coal worker's pneumoconiosis (CWP). When these coal 
macules become incorporated into the interstitial spaces of the 
alveoli, oxygen transfer is reduced. This mechanism accounts for the 
fact that disabled coal miners with CWP frequently have little or no 
alteration in their ventilatory capacity but demonstrate a marked 
decrease in oxygen transfer (11). Cessation of exposure to coal dust 
inhalation in these individuals usually prevents any further 
progression of these pathologic changes (22). However, in 
approximately 10% of those individuals initially developing CWP, some 
factors, as yet unknown, come into play causing a progressive 
destruction of lung tissue. The individuals developing progressive 
massive fibrosis (PMF) seem to have an autoimmune factor aiding the 
progression of this disease. Autoimmune factors usually result from 
the destruction of some of the body tissues which can initiate a 
reverse immunity reaction (11). The resulting immune products attack 
the body's own tissues (11). Tests for factors such as anti-lung 
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antibodies (10, 12, 16) are positive in a disproportionate number of 
these coal workers. The lesion of PMF is usually restricted to the 
posterior segments of the upper lobe and the superior segments of the 
lower lobe. These lesions are ill-defined bundles of coarse 
connective tissue frequently obliterating the normal lung 
architecture. Stuermer and Hatch of the Lawrence Livermore 
Laboratories (33), suggest that nitrogen aromatics, aromatic 
hydrocarbons, and oxygenated hydrocarbons found in trace amounts 
within the coal can also contribute to the mutation of the cellular 
structure of lung tissue. This could materialize as lung cancer, 
cellular mutations similar to PMF, or other pulmonary problems. 

2. The Effect of Coal Dust Particles of Greater 

Than 5 Microns on Bronchitis 

The diagnosis of chronic bronchitis is a purely clinical one. 

The definition is arbitrary in order to have some means of separating 
the diagnosis of bronchitis from similar diseases such as the common 
cold. It was set forth by the American Thoracic Society (1) and the 
report to the Medical Research Council by the Committee on the 
Aetiology of Chronic Bronchitis (29) in 1962 and 1965, respectively. 
Expectoration, i.e., productive cough, must occur several days out of 
the month for at least 3 consecutive months, during 2 successive 
years. The diagnosis excludes other causes of productive cough such 
as asthma and pulmonary edema as well as non-productive cough. In 
many cases these exclusions are difficult to define and some overlap 
does, on occasion, occur. 

Coal dust greater than 5 microns in size has been documented to 
be an etiologic factor in the development of bronchitis (28). 

Becklabe and coworkers (4) have demonstrated a direct relationship 
between impairment of exercise tolerance in miners with normal chest 
x-rays and the concentration of ccal dust in the mines. A study of 
8,555 bituminous coal miners (14) demonstrated a statistically 
significant decrease in the incidence of bronchitis among non-smokers 
working on the surface compared to non-smoking workers at the coal 
face. This again confirms the etiologic factor played by coal dust in 
the development of this disease. 
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APPENDIX B 


CARCINOGEN DETECTION IN ADVANCED COAL TECHNOLOGIES 


Current coal mining technology hae not caused a significant 
increase in cancer mortality rates in coal workers, but it is 
difficult to anticipate in any prospective technology the risk 
inherent in the exposure of workers to trace toxic compounds, 
carcinogens, or mutagens (5, 19). It is straightforward to specify 
exposure levels for known carcinogens. However, given the length of 
the incubation period (20-30 years) between the carcinogenic 
initiation and the development of the disease, a more effective 
criterion than the absence of any known carcinogen should be used to 
establish the presence of mutagenic material. Therefore, rather than 
attempting to guess at possible carcinogens which might be present as 
a byproduct of some as yet undefined advanced technology, and then 
insisting upon specifications to eliminate them, it is proposed that 
any advanced technology be evaluated for the presence of mutagenic 
agents via laboratory tests. A highly regarded procedure available 
today is the Ames Salmonella tester strain system (20) which has 
proven extremely valuable in the detection and quantization of trace 
levels of chemical mutagens. This method is currently being used to 
determine the air quality in different sections of Los Angeles. Its 
general applicability is based upon the empirical finding that greater 
than 852 of all compounds exhibiting a positive Ames test are also 
observed to be carcinogenic in model animal systems. The assay is 
simple, inexpensive, and routinely used in numerous laboratories 
throughout the United States including the National Institute of 
Environmental Health Sciences in Research Triangle Park, North 
Carolina and at the University of California Laboratories in 
Livermore. Moreover, the Salmonella test offers the further major 
advantage that carcinogens or mutagens of unknown composition (as 
might be generated from a new technology) can be isolated and retained 
for additional analysis. Thus, a promising new technology, whose 
application may be limited due to the production of mutagenic 
byproducts of unknown origin, could have such byproducts detected in 
early testing of the hardware, identified as to composition, and 
eliminated or reduced to acceptable levels before the design becomes 
concrete. 


B-l 


Table 02 


. Equipment Design Considerations (Mean Dynamic 
Anthropometric Measurements to Fit Most Body 
Configurations, taken from Human Engineering 
Guide to Equipment Design , 1972) 


Right hand, shirt sleeved, grasping reach measured 
at the normal position for operating vehicle controls 


Horisontal Angular Boundaries 
Measured in Degrees Swing from 
a Straight Forward Position 

Reach 
Measured 
in Inches 

30 

26.25 

45 

27.25 

60 

28.0 

75 

28.25 

90 

28.25 

105 

27.75 

120 

26.75 

Head Angular Movement 

in Degrees 

Forward/Backward 

60.5 

Left/Right 

41 

Rotation Left/Right 

79 
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